Production of linamarase and the effects of media composition on enzyme production were studied. A total of eight linamarase-producing bacteria were isolated from fermenting cassava tubers and soil samples. Selection of the isolates was based on their fast growth in media containing 800 mg/L potassium cyanide solution. Eight of the isolates which showed very fast growth in the growth medium as demonstrated by increase in their optical density readings to at least 0.6 in the cyanide containing media were selected for further studies. The isolates were identified as Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus amylovorus, Lactobacillus cellobiosus, Leuconostoc mesenteroides, Pseudomonas stutzeri, Bacillus pumilus and Bacillus subtilis. All the isolates were grown in media containing Tween 80 solution and in control media without the surfactant. Best enzyme activity of 6.82 U/mL was obtained in the medium containing Tween 80 solution and Lactobacillus fermentum as the test bacterium. Comparatively, linamarase production by the isolates in media without Tween 80 showed lower enzyme productivity. Cassava endogenous and microbial enzymes were tested for their abilities to hydrolyze cyanide in cassava flour samples pretreated to either remove the endogenous or microbial enzyme. Residual cyanide in cassava flour samples treated with linamarase of Lactobacillus plantarum was undetected in 30 h, while in contrast, the residual cyanide in cassava flour samples treated with endogenous linamarase was 0.39 mg/10 g cassava flour after 80 h. Residual cyanide in the untreated control sample was 1.98 mg HCN /10 g cassava flour after 80 h. The results from this finding demonstrated improved cassava cyanide degradation with microbial linamarase as compared to endogenous cassava linamarase. Massive inoculation of fermenting cassava tubers with the isolates reported in this study would enable better control of the cassava fermentation process and may lead to the production of standardized and non-toxic cassava food products.
the tissue structures result in the contact of linamarin with linamarase and subsequent hydrolysis to glucose and cyanohydrins which easily break down to ketone and hydrocyanic acid [7] . Retting is one of the simplest methods for the processing of cassava tubers into various African staple foods. In some conditions, retting may take considerably longer periods particularly with tubers older than 24 months and some of the tubers steeped under this condition may fail to soften. Other processing techniques such as cooking, sun-drying, oven-drying and roasting have been developed in different parts of the world to reduce the cyanide content of cassava-based foods to an acceptable level. However none has achieved a complete detoxification [8] . The rate of fermentation depends on the processing method, size of cut tubers and the age of roots. With the increasing demand for foods due to a rapid population growth in many developing countries, the need has arisen to reduce the process time for retting of cassava roots.
Linamarase, β-D-glucosidase (EC.3.2.1.21) is an enzyme that converts cassava cyanide to hydrogen cyanide (HCN) that either dissolves readily in water or is released into the air. They constitute a group of well studied hydrolases that have been isolated from members of all three domains of life, i.e., eukaryotes, bacteria and archae. The principal reaction catalysed by this class of enzymes is the hydrolytic cleavage of β-glucosidic linkages of low molecular mass glucosides [9] . Apart from hydrolysis, β-glucosidases can catalyse reverse hydrolysis, giving glucose disaccharides and trisaccharides as products when using the glucose as substrate. Linamarase, is found in the leaves and roots of plants such as cassava, lima beans and flax, and are also produced by microorganisms. When the cellular structure of cyanogenic plants is disrupted, the intracellular glucoside becomes exposed to the extracellular enzymes linamarase. Linamarin, is first hydrolysed by linamarase to produce β-D-glucopyranose and 2-hydroxyisolentyronotrite or acetone-cyanohydrin, after which the latter is degraded to acetone and hydrogen cyanide (Fig. 1) .
The aim of the present work is to comparatively study the effect of some media on the production of microbial linamarase and an assessment of the rate of cassava cyanide degradation by linamarase from microbial and cassava sources. 
MATERIALS AND METHODS

Chemicals and reagents
Isolation of microorganisms from fermenting cassava tubers and soil samples
Fermenting cassava tuber (ca. 10 g) was aseptically removed, homogenized in distilled water in a sterile blender and stirred with a sterile glass rod. Then, 1 mL of the homogenate was withdrawn with a sterile pipette into 9 mL 0.1% peptone water diluents and mixed. About 0.1 mL was aseptically withdrawn with a sterile pipette and inoculated onto Nutrient agar for the isolation of bacteria and MRS agar for the isolation of lactic acid bacteria. The plates were incubated for for 24 h at 35 °C.
Soil samples (ca. 20 g) were collected from a cassava processing mill and 1 g of soil was added into a conical flask containing 10 mL of distilled water. The mixture was thoroughly shaken and 1 mL was serially diluted in normal saline diluents. The dilutions (0.1 mL) were plated out on Nutrient agar plates and incubated for 24 h at 35 °C. Pure cultures of the isolates were obtained by streaking onto fresh agar plates. The cultures were given arbitrary codes and stored at 4 °C.
Preparation of modified local media
Banana broth (BB) -peeled ripe banana fruit (200 g) was homogenized with mortar and pestle in one liter of distilled water and filtered with a stainless steel mesh. The filtrate was re-filtered with a Whatman No. 1 filter paper. The broth was fortified with 0.1% ammonium sulphate and sterilized by autoclaving at 121 °C for 10 min.
Orange broth (OB) -fully-ripped oranges (200 g) were peeled and ground with a Corona mill (Medellin, Colombia) after removing the seeds in one liter of distilled water, and filtered with a stainless steel mesh. The filtrate was re-filtered with a Whatman No. 1 filter and fortified with 0.1% ammonium sulphate and sterilized by autoclaving at 121 °C for 10 min.
Tomatoj broth (TJB) -fresh tomato fruits (200 g) were homogenized in distilled water and filtered with a stainless steel mesh. The filtrate was re-filtered with a Whatman No. 1 filter paper and made up to 100 ml with distilled water. The broth was fortified with 0.1% ammonium sulphate and autoclaved at 121 °C for 10 min.
Screening the isolates for their resistance to cyanide
Test tubes each containing 5 mL of screening medium (yeasts extract, 0.5%; peptone 0.7%, glucose, 2% in 100 mL of distilled water) were autoclaved at 121 °C for 15 min. Then, aliquots (0.1 mL), potassium cyanide (KCN) solution (800 mg/L) which was sterilized by tyndallization according to Collins and Lyne [10] was added into each test tube containing the screening medium. A loopful of each bacterial isolate was inoculated into each test tube. The test tubes were incubated at room temperature (30±2 °C) for 2 days. The sensitivity/ resistance of each isolate to cyanide were monitored with a Spectrumlab 23A spectrophotometer at 600 nm against distilled water blank. Isolates that gave OD readings of at least 0.6 after 2 d incubation period were selected for further work. The isolates were identified respectively as Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus amylovorus, Lactobacillus cellobiosus, Leuconostoc mesenteroides, Pseudomonas stutzeri, Bacillus pumilus and Bacillus subtilis based on the taxonomic descriptions given by Holt et al. [11] and Skinner and Lovelock [12] .
Development of inocula of lactic acid bacterial isolates. Inoculum was prepared from a stock culture by transferring to an Erlenmeyer flask (250 ml) containing 100 ml of medium described by Okafor and Ejiofor [13] : NaCl, 0.3%; (NH 4 ) 2 SO 4 , 0.1%; KH 2 PO 4 , 0.05%; MgSO 4 , 0.02%; CaCl 2 , 0.02%; lactose, 3%; linamarin, 0.15%. The medium was sterilized at 121 °C for 15 min. The inoculum was grown for 24 h in a Gallenkamp orbital incubator at 50g at 30 °C. The cells were collected by centrifugation at 2515g for 15 min in a Gallenkamp junior centrifuge, washed and diluted with sterile distilled water to an optical density of 0.1 measured in a Spectrumlab 23A spectrophotometer at 600 nm. 
Development of inoculum of Pseudomonas sutzeri.
Cultivation of bacteria
Lactic acid bacterial isolates were grown in the following media: OB, TJB, BB and MRS broth. Pseudomonas stutzeri, Bacillus pumilus and Bacillus subtilis were cultured in OB, TJB, BB and Nutrient broth. The isolates were added into 100 mL media containing 2% linamarin solution and incubated at 32±2 °C for 24 h. At the end of the incubation period, the culture was centrifuged at 2515g for 10 min. The effects of Tween 80 on the production and activity of the linamarase were studied by adding 0.1% Tween 80 into each duplicate culture flasks at the time of incubation. At the end of the incubation period, the culture was centrifuged at 2515g for 10 min.
Bacterial enzyme extraction
The harvested cells were washed with 0.2 M phosphate buffer (pH 6.5) and the washed cell suspension was disrupted by sonication for 10 min. using Biologics Ultrasonic homogenizer, model 150VT (115V/60Hz). Following disruption, the mixture was centrifuged at 2515g for 15 min. The supernatants of the two centrifugations were combined and suspended in 0.2 M phosphate buffer (pH 6.5). Ammonium sulphate was added with stirring to 40% saturation followed by centrifugation at 2515g for 10 min. Linamarase activity was then determined.
Extraction of endogenous cassava linamarase enzyme. Fresh cassava peel (100 g) was homogenized in 300 mL 0.2 M phosphate buffer (pH 6.5) using a mortar and pestle chilled by ice. The homogenate was centrifuged at 2515g for 15 min. The supernatant was applied to a column of Sephadex G-25 (7 cm×62 cm) pre equilibrated with phosphate buffer (pH 6.5) and eluted with the same buffer to remove lower molecular weight compounds. Fractions were collected from the column and measured for linamarase activity.
Comparison of the rate of detoxification of cassava flour by microbial and endogenous cassava linamarases
Cassava tubers (NR 8082) were employed for this assay. The cassava tubers were peeled with knife and washed with tap water. The tubers were cut into cubes of approximately 10 cm and sun dried. The dried cassava tubers were milled with a mechanical greater.
To determine the effects of endogenous linamarase activity on the cyanogenic glucoside of cassava, cassava flour (10 g) contained in glass bottles was sterilized with 0.1% HgCl 2 solution for 5 min, rinsed with distilled water and finally treated with 1% of hypochlorite solution for 5 min. To wash off the effects of these chemicals, the cassava flour was finally rinsed for 15 min in sterile distilled water.
To assess the role of microbial fermentation on the degradation of the cyanogenic glucoside of cassava, 1, 5-gluconolactone (an inhibitor of endogenous glucosidase enzyme) was added to cassava flour at 10% concentration [14] . The effect of the inhibitor was removed by treating the cassava pulp with 50% ethanol solution and rinsing with sterile distilled water.
Buffered linamarase enzymes of both microbial and cassava origin (20 mL each) were added into 10 g of treated cassava flour contained in glass bottles. Samples of untreated and uninoculated cassava flour (10 g) served as control. Then 2 mL of 2% KOH and 1mL of picric acid:Na 2 CO 3 :H 2 O, 1 mL:5 g:200 mL, contained in test tube were suspended in each bottle just before the bottles were sealed. The system was incubated at intervals of 10 h for 80 h at 30 °C. The HCN liberated from the cassava flour was absorbed by the alkaline picrate solution in the test tube [14] . After incubation, the reaction was stopped by placing the bottles in iced water. The colour that developed was read at 510 nm. Cyanide levels were extrapolated from KCN standard curve.
Analyses
Cyanide was determined by a modification of the alkaline picric acid method of Williams and Edwards [15] as follows: various quantities of standard (50, 100, 150 and 200 µg/ml) solution of KCN were added into tubes containing 2 ml of 2% KOH and 1ml of picric acid:Na 2 CO 3 :H 2 O, 1 mL:5 g:200 mL. The tubes were incubated for 10 min in a 37 °C water bath, cooled for 20 min in a refrigerator and read in a Spectrum lab 23A spectrophotometer at 510 nm. The readings were used to draw a standard curve for micrograms KCN per mL against absorbance.
Linamarase activity was assayed by determining the HCN librated from linamarase as follows: 0.5 ml of enzyme solution in 0.2 M phosphate buffer (pH 6.5) contained in Eppendorf tubes was added to 0.5 ml of 1 mM buffered (same buffer) solution of linamarin (BDH, Poole, England). After 20 min of incubation at 32±2 °C, 2 mL of 2% KOH and 1 ml of picric acid:Na 2 CO 3 :H 2 O (1 mL:5 g:200 mL) were added into the reaction mixture. The reaction was stopped by placing the tubes in iced water. The red colour that developed was read at 510 nm in a spectrophotometer. Under the above conditions, one unit of activity was defined as the amount of enzyme that released 1 µg HCN in 10 min under the assay condition.
Statistical analysis
The results are presented as the mean values of duplicate sampling. The significance of the tests was evaluated by analysis of variance (ANOVA). Significance of the test was accepted at (p < 0.05)
RESULTS AND DISCUSSION
Eight bacterial isolates which exhibited increased growth in the cyanide-containing medium were selected. The isolates designated RDS 6, RDS 12, RDS 13, RDS 20, RDS 26, RDS 28, RDS 31 and RDS 34 were selected for further studies because they grew and gave optical density readings of at least 0.6 in the cyanide containing medium ( Table 1 ). The isolates were identified respectively as Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus amylovorus, Lactobacillus cellobiosus, Leuconostoc mesenteroides, Pseudomonas stutzeri, Bacillus pumilus and Bacillus subtilis.
Some nutritional factors relating to the production of linamarase enzyme by the isolates were investigated (Tables 2 and 3 ). There were no significant (p > 0.05) differences in the ability of standard media to cause more enzyme productivity by the isolates in comparison to locally formulated media. Under the conditions used, the enzyme activity that developed in the culture was higher in the presence of Tween 80 solution than in control experiments without Tween 80. Linamarase production by the isolates in media without Tween 80 showed the best enzyme activity of 2.67 U/mL produced with Pseudomonas stutzeri as the test organism. In comparison, best enzyme activity of 6.82 U/mL was obtained in the medium containing Tween 80 solution and Lactobacillus fermentum as the test bacterium. Incorporation of Tween 80 significantly (p < 0.05) increased the linamarase productivity of the isolates in all the media tested. This report agrees with the findings of Abalaka and Garba [16] who reported increases in linamarase production in microbial culture media containing Tween 80 solution. There are various reports on the simulative effects of surfactants in fermentation broth of microorganisms, thus resulting in many fold increases in the production and secretion of enzymes such as amylase [17, 18] , glucosetransferase [19] , cellulase [20, 21] ; phytase [22] , lignase [23] , protease [24] [25] [26] . The surfactant may have improved cell wall permeability through disruption of lipid layer [27] , thereby increasing the uptake of nutrient into the organisms and secretion of enzyme into the culture media.
This present work compared the rate of detoxification of cassava flour by microbial and endogenous cassava linamarases. The degradation of cyanogenic glucoside of cassava was studied in cassava flour pretreated to either prevent microbial enzyme activity or endogenous linamarase activity. The rate of disappearance of the cyanogenic glucosides as determined by the residual cyanide in the cassava flour was compared with the untreated control in which 1.98 mg HCN/10 g cassava flour remained unbroken after 80 h (Fig. 2) . The residual cyanide in cassava flour samples treated with linamarase of Lactobacillus plantarum was undetectedin 30 h. In contrast, the residual cyanide in cassava flour samples treated with endogenous linamarase was 0.39 mg/10 g cassava flour after 80 h.
Two possible mechanisms of degradation of cassava linamarin are the introduction of microbial linamarase to cassava and cell wall -degrading enzymes that permit contact between the compartmentally separated linamarin and endogenous linamarase of cassava [28] . Gueguen et al. [29] reported that cassava is detoxified during processing by the endogenous linamarase present in the enlarged cassava root during grating of the root but the quantity of enzyme released is not sufficient to break down the glucoside present in the root completely. The authors suggested that the endogenous linamarase of the root could be supplemented from a microbial source exogenous to the roots to ensure exogenous to the roots to ensure a greater breakdown of the linamarin. Mkpong et al. [30] and Ikediobi and Onyike [31] reported that the endogenous linamarase content could not permit the complete breakdown of linamarin. Ikediobi and Onyike [31] and Okafor and Ejiofor [13] demonstrated that it is possible to reduce the cassava toxicity by the addition of an exogenous linamarase during the fermentation. Petruccioli et al. [32] , reported in 1999 that addition of Mucor circinelloides crude linamarase during cassava tuber fermentation shortened and enhanced the detoxification process leading to a complete hydrolysis of cassava cyanogenic glucoside. In contrast, Giraud et al. [33] observed that inoculation of cassava pulp with a strain of lactic acid bacteria possessing a strong linamarase activity did not appear to contribute to cassava detoxification. The authors concluded that the amount of cassava indigenous linamarase released during the grating stage was sufficient to permit complete and rapid hydrolysis of cassava linamarin. This report agrees with Vasconcelos et al. [34] who stated that 95% of initial linamarin was hydrolyzed 3 h after grating the roots. Maduagwu [35] observed that the degradation of cyanogenic glucoside in mashed cassava roots during fermentation was essentially effected by endogenous linamarase and that the role of microbial linamarase activity was complementary.
CONCLUSION
Eight linamarase-producing bacteria were selected based on their high growth in media containing 800 mg/L potassium cyanide solution. The isolates showed very high growth in the growth medium as demonstrated by increase in their optical density readings to at least 0.6. The isolates were identified as Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus amylovorus, Lactobacillus cellobiosus, Leuconostoc mesenteroides, Pseudomonas stutzeri, Bacillus pumilus and Bacillus subtilis. All the isolates were grown in media containing Tween 80 solution and in control media without the surfactant. Best enzyme activity of 6.82 U/mL was obtained in the medium containing Tween 80 solution and Lactobacillus fermentum as the test bacterium. Linamarase production by the isolates in media without Tween 80 was much lower than in media with the surfactant. Residual cyanide in cassava flour samples treated with linamarase of Lactobacillus plantarum was undetected in 30 h; while in contrast, the residual cyanide in cassava flour samples treated with endogenous cassava linamarase was 0.39 mg/10 g cassava flour after 80 h. Residual cyanide in the untreated control sample was 1.98 mg HCN/10 g cassava flour after 80 h.
